REDUQNGSIZE CF C^PAGTORS IN FILTERS 



DESCRIPTION 

(Parol) Background of the Invention 
(Para 2) Field of t tie I n vent ion 

(Para 3) The present invention relcil"es to the design of drouits used in 
oommuniocil-ion systems, end rrxxespedfiodiy to redudng the size of ocpcdtas used 
in filters. 



(Para4) Related Art 

(Para 5) Filters ae used in vaious oomponents. An example of sudn a 

component is a phcse lod< loop (PLL). is well known, a PLL is generdly used to 
generate cn output signd, whidn is syndironized with cn input sigid, Often, the 
output sigid is generated to ha/e a f requenc/ ec|uding a desired multiple ("frequenc/ 
multiple") times the frequenc/ of the input signd. PLLs find cppiicotions in sa/erd 
aecB of communication (induding long haul, shat dstcnoe, wire-bcsed end wireless), 
CB is well known in the relevcnt ats. 



( Para 6) In one pria embodment, a PLL oontdns a phcse detecta (used 
synonymous with phase-frequenc/ detecta, fa simplidty) which compaes the phcse 
of a divided (by the frequenc/ multiple) output signd end the input signd (cb a 
reference signd) in exh oompaison c/de. The phcse of the output signd is ccjusted 
ciooordng to the compaison such that the dvided output signd is received in phcse 
with the input signd. 



(Para 7) A filter is often usedtocontrd such acjustments ever multiple oompaison 
c/des. T he output of the filta indcates the extent to which the phase of the output 
signd is to be ccjusted such that the output signd is genaated with a desired 
phase/frequency. T hus, a filta ma/ receive a signd indcating the phese ara 
detected in a phase detecta end genaate cnotha signd to acj ust the phcse of the 
output signd. 

(Para 8) It rrxa/ bedesircbetoprcvielefiltas with lew bandwidth, genadly fa 
ndse immunity (eg , not to be effected by shat tam fluctuations due to recBons such 
CB j itta end otha types of ndse) of the PLL loop. I n one embedment, the bencUidth 
of filta needs to be not maethcn 1/10 of the frequency of the input signd. 
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( Para 9) In one pria cpproach in \A/hich filters ae innplennented using ocpxitas, 
the vdue of the ocpxitas oontrds the bcncWidt-h of the filter. T he filter bcndwidth 
ocn be designed to be low by choosing lage ocpcdtas. However, lage ocpcdtas ae 
often dffioult to fcbrioafe as a pat of integafed drouits. Such lage ocpcdtas mo/ 
be pro/ided cb extand oomponents, but the oarespondng implennentaHons odd to 
ovadl oost, require cddtiond spooe/aea end dso \AOjld be susoepfibe to nnae 
ndse, 



(Para 10) Aooordin^y, it is genadly desircbethc^ the size of such ocpcdtas be 
minimized in PLL implementcHons. 

(Para 1 1) Brief Desaiption of the Drawings 

(Para 12) The present invention na/I 1 1 beclesaibed\A/ith refaenoe to the fd lowing 
ooGompcnyi ng drcwi ngs . 

( Para 1 3) Figure (Fig) 1 is a bock dcg-an of cn example phcse lock loop (PLL) in 
which sevad aspects of the present invention ae implemented. 

(Para 14) Figure 2 is adrouit dcgran Illustrating the defd Is of afilta drouit in one 
pria embodiment, 

(Para 15) Figures is a drouit dcgran illustrating the detdls of afilta drouit 
aocadng to cn csped of the present invention, 

(Para 16) Figure 4 is a bock dcgrcm illustrating cn exonpledevloe in which vaious 
aspects of the present invention ocn be implemented. 

(Para 17) In thed-cwings, like refaenoe numbas genadly indoateidentiod, 
functiondly simila, cnd/a structurdly simila elements. Thed-cwing in which cn 
element first cppeas is indoated by the leftrrxxt dgt(s) in the oarespondng 
refaenoe numba. 



(Para 18) Derailed Desaiption 

(Para 19) 1 . Overview 

(Para 20) An aspect of the present invention encbes afilta drouit of low bcndA/idth 
to be obtdned by using ocpcdtas of srrx:!! sizes, I n one embodiment, a pcBsive 
component is connected between the input tamind end the output tamind of cn 
opaationd onplifia. The input tamind is furtha connected to a combnation of a 
first ccpcdta end a first resista connected is sales, with a second resista bang 
connected in padid to the combnation. In the ccse of a first ada filta drouit, the 
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pcBsive cxxnponent cxDntdns a resista, end in the crse of a second ader filter drouit, 
the pcBsive oomponent oontdns a ocpcdta. 

( Para 2 1 ) Low bcndA/idth rra/ be obtdned fa the filter by seleding cppropriote 
vdues fa reslstas aidocpodtas. Asmdl vdueof theccpadta ocn berrxrtetobe 
aooepl"d3le(l.e., to obtdn desired troisf a funcl"ion) by inaeasingtheresistaicevdue 
of the second resista. T he ndse due to the lage resista is cftenuafed by selecfing a 
srTx:ll vdue resista fa the first resista. 



(Para 22) As a result, lowbcndwidth filter drcults of oooeptcbe ndse ocn be 
redlzed using only srrxj I ocpcdtas. The filter drcults thus designed ocn be 
IncapaoTed Intoseverd oomponents such cb PLLs. Due to the use of srTx:ll ccpodtas, 
such components ocn be fcbrloted cb a pat of cn Integoted drcult, thaeby leading 
to QcK/cntcges such cs reducBd cost/aeo rec|uirennent, end rrae ndse Immunity, 

( Para 23) Severd ospecfs of the invention ae desalbed below with refaence to 
excmples fa IllustroHon. it should be understood that numaous spedflcdetdls, 
relcil"lonshlps, end methods ae set fath to provide a full uncterstcndng of the 
Invention, One skilled In the rdevcnt at, hcweva, will readily recognize that the 
Invention oon be practiced without one a mae of thespedficdetdls, a with other 
methods, etc I n otha Instances, well-known structures a operations ae not shewn 
In detdl to CK/dd obscuring the invention. 

(Para 24) 2. PLL 

( Para 25) Figure 1 is a bock degrem of en excmple phase lock loop (PLL) In which 
vaious aspects of the present invention ocn be impiemented. PLL 100 is shewn 
contdning phese frec|uency deteda (PFD) 1 10, chage pump 120, filta dreuit 130, 
vdtege oontrdled esdllata (VOO) 150, end freeiuency dvider 160. Eadi bock is 
desailoed loelcw. 



(Para 26) PFD llOoompaes thepheses of reference signd recdvedon path 101 
endfeecbeck sIgnd received on path 161, end generates cn ara sIgnd on path 1 12 
representing the diffaenc© in the pheses of signds 101 end 161. Erra sIgnd 112 
represents thepheseara in thefamof tirresignds, i.e., the path is essatedfa a 
time duration propationate to the phese ara. 

(Para 27) Chage pump 120 recdves ara sigid 112 endconvats the cares ponding 
tlmesignds intodedricsignds. Thededricsignds ae pra/ided on path 123. I none 
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embodnnent desaibed below, the electriod signds ae proN/ided in thefam of vdtcge 
signds. PFD 1 10 end chage pump 120 ae implemented in a known \aa3/. 

(Para 28) Filter drcuit 130 indocil"es on pcit"h 135 the extent (oorrecl"ion vdue, a 
signd) to \A/hidn the phcse of the output signd 1 59 should be ocj usted by VOO 1 50. 
Theoorrecflon vdue Is determined by the trcnsfer funcflon of filter drcuit 130, cb well 
CB rrx^gnitude of erra signd 112. noted doove, filter drcuit 130 mcy need to loe 
impiemented with a low iocndwidth end without using lage ocpcdtas. The nrxnner in 
which filter drcuit 130 nxj/ be implemented cooordng to vaious cspeds of the 
present invention is desaibed in sedions below. 



(Para 29) VOO 150 adjusts the f requenc/ of output signd (ha/Ing N-tlmes the 
frec|uenc/of referencB signd 101) provided on path 159 bcsedon theoorredlon vdue 
received on path 135. SIncB VOO 150 is oontrdled by vdtcge Inputs, corredlon vdue 
135 Is received In thefam of dedric vdtcge, Feedbxk divider 160 divides the 
frec|uency of output signd 159 by N- times end provides the feedbcd< signd on pafh 
161. 



(Para 30) Thus, the loopof VOO 15, feecbad< dvider 160, PFD 110, chage pump 
120, end filter drcuit 130 ecjusts the free|uenc//pheBe of output signd 159 until the 
phase erra is substentidly zero, in which ocse the steed/ stafe is sdd to ha/e been 
reached, 



( Par a 3 1 ) As noted ebove, fa loop stebility the bendwidfh of filter drcuit (fa low 
refaenc^ frequency & lowjitta cs mentioned ealla) 130 needs to be low, Vaious 
aspeds of the present Invention endde filter drcuit 130 tobelmplennentedwith smdl 
ocpcdtas, T he acK/cntcges of the present invention rro/ be cppredafed In 
compalson to a pria drcuit which does not employ one a nnae features of the 
present Invention, Aooadngly, the detdls of such a pria embodnnent ae desaibed 
first bdowwith refaenoeto Figure2. 

(Para32) 3. Prior Filter Qrcuit 

( Para 33) Figure 2 is a drcuit degrem illustrafing the detdls of filta drcuit 200 In 
one pria embodnnent. Filta drcuit 200 is shewn oontdning resista 210, end 
ocpcdtas 220 end 230. Filta drcuit 200 is shown receiving dedricsignd in thefam 
of dedric current, which is represented by current source 240. Eedn component is 
desaibed bdow. 
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(Para 34) Resista 210 end cxpcdta 220 together operete es a low pess filter to 
renncve the noise oomponents in the reoeived elecfricsignd. Gcpcdta 230 rennoves 
switching ndse in the filtered signd end pro\/ieles the filtered signd on peifh 299. 

( Para 35) 1 1 rra/ be noted that a pde end a zero ae reeiuired to be present in the 
gdn funcl"ion of filter drouit fa stcbility of a PLL. The pde is achieved with the 
opercHon of resista 210 end ocpadta 230, end the zao is achieved b/ the 
oombi nation of resista 210, end ocpcdtas 220 end 230. /^suming that the 
resistcnoe of resista 210 equds R2, end the ocpcdtcnoes of ocpcdtas 230 end 220 
respectively equd Q end Q, the gdn function (which is the impedcnoe) of filter drouit 
200, which oontdns both pde end zero is gven b/ equation (1) below. 

(Para36) 0= ((I+T2 s)*aO)/((l+Ti s)*s) Equation (1) 

(Para 37) wherdns represents Lcplaoeoonstcnt, T2 =R2Q. 

(Para 38) *, + end / represent multiplloatlon, cddtion cnddvision operations, 

(Para 39) Tl= RsCQ * Q)/(Q +Q) end 

( Para 40) 03= I in/(2* pi)(Q + Q), wherein I in is the cmount of current in the electric 
sigid end pi is ooonstcnt equding 22/7. 

( Para 4 1 ) Fa a desired bcncWidth (Wp) end a desired phcse magin (phi) of a PLL, it 
ccn be shown that the mcKima in the phcse curve is obtdned fa the oarespondng 
vdues of T 1 end Wp cs given bdow with equations (2) end (3). 

(Para 42) Ti= (seo(phi) - ten (phi))/Wp Ec|ucition(2) 

(Para 43) 1/sqrt (Ti * T2) Equation(3) 

(Para 44) wherein sec end ten aethetrigoncmetricseocnt cndtcngent functions, 
end sqrt is squae root, 

( Para 45) /^suming that the gdn of phcse frequency deteda end chage pump 
together is Kphi, end the gdn of VCO is Kv, then the oomponent vdues of filta drouit 
200 ae given bdow. 

(Para46) Q= ((TiKphi Kv)/(T2 Wp? N) ) sq-t ((l + (Wp*Ti)2)/(l + (Wp*T2)^)) 
Ec|UCition(4) 

(Para47) Q= Q ((T2/n)-l) Ec|ucition(5) 

( Para 48) R2 = T2/Q Ec|ucition(6) 

(Para 49) 4. Problem(s) with Prior Filter Qrcuit 

(Para 50) As noted cbove, the bcneUidth of filter drouit 130 genadly needs to be 
low. One probem with such a requirement in pria filter drouit desaibed cbove, is 
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thof Q needs to be lage fa low bcndwidth end befta phcse nrxjgin cb mo/ be 
observed from equal-ions (2), (3) end (5) of doove. 

(Para 51) In onepria embodiment, such lage ocpodtas aeplooed outside of 
integoted drouits, aid is undesirdoiefa recBons noted in tine bad<gound sedion. 
Altanal"ively, tine vdue of ocpodta 220 ooi be deoecsed by ina easing tine vdue of 
resista 210. An inaeasein R2 causes aoarespondng inaecsein noise. 

(Para 52) Afiita drouit acrxjdingto vaious cspeds of tine present invention solves 
one a mae of tl^e problems cb desaibed below with refaenoe to Figure 3. 

(Para 53) 5. Filter Qrcuit 

( Para 54) Figure 3 is a drouit dcgran illustrafing the detdls of a filta drcuit 
oxxDrdng to cn CBped of the present Invention. Fa lllustraflon, the defdis of the fllta 
drcuit Is desaibed with refaence to Figure 1 . Hcweva, the filta drcuit on be 
implemented In ctha ImplementaHons cb well. Filta drcuit 130 Is shewn contdning 
reslstas 310 end 320, ccpedtas 330 end 340, end opaaHond empllfia 350. Eedn 
component Is desaibed below. 

(Para 55) Resistas 310, 320 end ocpodta 330 togetha rerrxDvethe noise 
components in the rec^ved elecfrlcd sigid on pafh 123 end provide the fiitaed signd 
on Invating Input tamind of opaaHond empllfia 350. 

(Para 56) GE::padta 340 opaates to provide the desired gdn of fiita drcuit 130, in 
eddtion to prcvldng the pde ot algn. CpaaHond onplifia 350 onpllfles the fiitaed 
signd end pro/ides the empllfled fiitaed signd on pafh 135 fa furtha processing. 



(Para57) Assuming thaf the res Istence of reslstas 310 end 320 respedlvdy equd Ra 
end Rb, end the ccpedtences of ccpedtas 330 end 340 respectively ec|ud Ca end Q, 
the gdn function (Q of filta drcuit 130, which coitdns both pde end zao Is gven by 

equcit"ion (7) (cBSumingthol" opaol-iond cmplifla 350 is ided) below: 

(Para58) 0= ((I+T2 s)*aO)/((l+Ti s)*s) Equation (7) 

(Para 59) whaeinsis Lcplooeoonstcnt, T2 = (Ra+ Rb)Q^. T1= RaQkCD= 
\/in/(2* pi)(RB Q), Vm is the cmount of vdtcge In the dectrlcsignd, end pi is a 
constent equding 22/7. 
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( Para 60) Fa a desired bcndwidth (Wp) end a desired phcse rrxjgn (phi) of a PLL, 
the oomponent vdues of filter drouit 130 ae gven \j/ the equofions ioelow. 

(Para61) Rb= ((Kphi Kv)/(Q WpP N) ) scrt ((l + (Wp*T2)')/(l + (Wp*Ti)2)) 

Equation(8) 

( Para 62) wherein sq-t represer^ts the aquae root opaofion. 

(Para63) Ra= RB/((T2/n)-l) Equafion(9) 

(Para64) CX= Ti/Ra Equafiai(lO) 

( Para 65) 1 1 rra/ be obsaved from the docve equofions thof Ra aid Rb deper^d or^ 
l3aid\A/idth Wp (aid/a T2/T 1 ), the vdue of Q ma/ ioe selecfed to set the vdue Rb, 

Old is ir^deper^dent of Wp. 

( Para 66) From EquoTior^ (8) doove, it rra/ be qopredoted that Rb needs to be hi^ 
fa a low baidwidth Wp I n gonad, lage resistas ae sources of noise, Howeva, 
the noise due to hi^ vdue of Rb would gef oftenuafed due to the pad lei connection 
of Ra T hus, the noise of the output is (substcntidly) due to Ra only end the noise due 
to Rb is attenuated. 

(Para 67) Thaefae, with ahi^ resistcnoevdueof resista 320, the vdue of 
ccpcdta is reduced without inaecslng noise. Such a resista with a hi^ resistcnce 
ccn be ecBlly integrated into integrated drcuits (conpaed to lage ccpcdtas). 

( Para 68) I n one embodrment, CBSuming that a PLL is to be designed fa Kv = 240e6 
Hz/V, Kphi= lOOe-6 A N=480/13, Wp= 100e3 * 2* p rcd/s, end Phi=60 * p/180 red, 
then the vdues of pria filta drouit 200 cndfilta drcuit 130 ae given below. 

(Para 69) Rl= IKohms, Cl=450pF, end C2= 5.2nF fa pria filta drcuit 200. 
Howeva, R/\f 3 IKohms, RB= 410Kohnns, CA= 13pF, end 3= 150pF fa filta drcuit 
130. 



( Para 70) It rra/ be noted that the C2 (of pria filta drcuit 200) is a lage vdue 
compaedtoQ (of filta drcuit 130). Howeva, resistcnoevdueof Rb is hi^, end the 
ndse caused by which is attenuated, cb noted ebove. 

(Para 71) It nrxy be noted that structure of Figure 3 implements aseondada filta. 
Howeva, a first ada filta drcuit nrxy be implemented by replacing ccpcdta 340 
(pcBsive component) with a resista. 
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(Para 72) I n addition, non-inverting termind of operafiond cmplifier is sinown 
oonneded to gound end inverting termind is sinown oonneded to receive signd 1 23 
throu^ oomponents 310, 320, end 330. However, non-inverting termind of 
opercfiond amplifier 350 ocn ioe oonneded to receive dedric signd 123 end inverting 
termind ocn ioe oonneded to ground tinrough components 310, 320, end 330. 



(Para 73) Furtherrrxje, given that" the non-inverting input termind of Figure 3 is 
oonneded to ground, tine cpprocdn of Figure 3 ocn Ice ecsily extended to differ entid 
implementdl-ions. I n eddtion, filta drcuit end PLL ocn be implemented in vaious 
devices. An excmpledevioe is desaibedbdow in further defdl. 



(Para 74) 6. Device 

( Para 75) Figure 4 is a dock degrem illustrofing en exemple da/ice in \A/hich 
vaious CBpeds of the present invention ocn be implemented, Fa condseness, only 
the pations of devicB 400, cb rdevent to sorme espeds of the present invention ae 
induded. However, vaious espeds of the present invention ccn be implemented in 
other cle\/ic^ as wdl. Device 400 is shown contdning PLL 100, cndog to dgitd 
converter (ADQ 410 end processing dock 450. Eedn bock is desaibed bdow in 
furtha detdl, 



(Para 76) PLL 100 receives genaofes a dock signd on pafh 159 besedon en 
input signd received on pafh 101. ADC410 semples en cndog signd received on pafh 
401 to genaofe dgitd vdues. Processing bock 450 contdns one a rrxxe processing 
units to process the dgitd vdues. 



(Para 77) 7. Conclusion 

(Para 78) While vaious embodments of the present invention ha/e been desaibed 
doove, it should be understood that they ha/e been presented by wcy of example 
only, end not llmitcil"lon, Thus, the breadth end soope of the present Invention should 
not be limited by eny of the doove desaibed exemplay embedments, but should be 
defined only in accordence with the fd lowing ddms end thdr eeiuivdents. 
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